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C H A P T E R - I 
/ INTRODUCTION/ 
I N T R O D U C T I O N 
SiHce the middle of the twentieth century, farm 
s c i e n t i s t s , a l l over the v/orld, have been making consis tent 
e f fo r t s to increase food productivi ty and to explo i t 
unconventional sources of food in order to meet the r i s ing 
needs of the ever - increasing population. Cereal grains , 
being the s tap le food in a l l developing countr ies due to 
t h e i r high n u t r i t i o n a l value, have been the main object of 
researches in t h i s connection. The e f fo r t s of a g r i c u l t u r i s t s 
have resu l ted in the development of improved high - yielding 
v a r i e t i e s of various crops, including a few in te rgener ic 
hybrids with high productivi ty as well as high protein content , 
"T r i t i ca l e " i s one of the remarkable achievements in t h i s 
d i rec t ion, successfully competing with the y ie ld of t r a d i t i o n a l 
cerea ls in various countr ies and even surpassing them in 
grain qua l i t y . 
I t i s an a r t i f i c i a l l y created der ivat ive of a cross 
between wheat (Triticum) and rye (Secale) and possesses the 
chromosome complements of both parental species (Zi l l insky,1974) . 
I t combines the high product ivi ty and protein content of wheat 
on one hand, and the vigour, hardiness, disease res is tance 
and lysine content of rye, on the other (Hulse and Spurgeon,1974; 
Lees, 1979). Other advantageous aspects include i t s 
adaptab i l i ty to unfavourable environmental condit ions such as 
cold weather and l i gh t sandy s o i l s . I t i s heartening to note 
- 2 -
t ha t in areas with acid s o i l s , in semi-tropical highlands 
and in some specif ic disease - prone areas, t r i t i c a l e generally 
shows b e t t e r adaptation and y ie ld performance than wheat 
(Hulse and Spurgeon, 1974 ; Anonymous, 1982). In addition, 
i t shows great tolerance to NaCl, encouraging i t s cu l t iva t ion 
in semi-arid regions {Touraine and Mermoun, 1985). 
Although the f i r s t report of "Tr i t i ca l e " as the 
resu l t ing hybrid from wheat - rye crosses was published by 
a Scott ish plant breeder, Wilson in 1875, t r i t i c a l e remained 
more or l e s s a biological cur ios i ty and appeared to have 
l i t t l e or no poten t ia l as a commercial crop t i l l 1930. The 
c red i t goes to pioneer workers l ike Miintzing (1939) , 
O'Mara (1948), Sanchez-Monge (1956), Pissarev (1963), 
Kiss (1965), Lar te r (1968), Zi l l insky and Borlaug (1971) 
Jenkins (1974) and a few others who ca r r i ed out in tens ive 
research and ra i sed the s t a tus of t h i s cereal to such a level 
that recent t r i a l s in various par t s of the world have j u s t i f i e d 
the e a r l i e r claims that t r i t i c a l e i s going to replace wheat 
as the staple d ie t of mi l l ions of people. 
A s igni f icant progress in t r i t i c a l e development has also 
been made by the outstanding contr ibut ions of the In te rna t iona l 
Maize and Wheat Improvement Centre (CIKiMYT) at Mexico and the 
University of Manitoba in Canada. More recent ly , plant breeders 
have developed a number of new v a r i e t i e s of t r i t i c a l e and these 
improved v a r i e t i e s have been released for commercial c u l t i v i t i o n 
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in several countr ies l ike Argentina, Austral ia , Canada, 
China, Hungary, Kenya, Mexico, South Africa, Spain, the U.S.A. 
and the U.S.S.R. (Anonymous, 1982). Other countr ies including 
Brazi l , Germany and Ind ia have also released some v a r i e t i e s 
of t r i t i c a l e for commercial production. 
Today, the best t r i t i c ^ e s are competing in y ie ld vdth 
the best wheats and t r i t i c k l e s are nearing the point v/here 
they can be a serious a l t e rna t ive to wheat for world-wide 
adoption. However, there are s t i l l cer ta in problems 
associated with t r i t i c a l e as a crop, such as poor appearance 
of grain , pre harvest sprouting under humid condit ions, l a t e 
maturity and low grain t e s t weight. But these shortcomings 
do not seem to affect the enthusiasm of the numerous s c i e n t i s t s 
who have undertaken the task of developing t h i s crop so tha t 
i t may make a s igni f icant contr ibut ion to the world food 
supply. Their e f fo r t s have, indeed, r e su l t ed in outstanding 
success in overcoming some of the obstacles to a considerable 
ex ten t . 
Simultaneously, the a t t en t ion of s c i e n t i s t s has also 
o£ 
been focussed on the mineral nu t r i t i ona l s t u d i e s / " T r i t i c a l e " , 
in order to exploi t the fu l l y ie ld potent ia l of t h i s crop 
with an e f f i c i en t and economical use of f e r t i l i s e r s . Among 
other centres , encouraging r e s u l t s of mineral nu t r i t iona l 
s tudies on t r i t i c a l e have been obtained at Aligarh by Afridi, 
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Samiullah, Inam, Ahmad and t h e i r assoc ia tes . They have 
performed a number of f i e l d t r i a l s to study the various aspects 
of the mineral nu t r ien t requirements of several v a r i e t i e s of 
t r i t i c a l e mainly developed and released by CIMMYT, Mexico, 
(Inam, 1978; Abbas, 1980; Inam e^ ^ . , 1982 a, b ; 
Abbas et_ al.. , 1983 a, b ; Alvi, 1984; Ashfaq et_ a^., 1984; 
Inam et_ al.. , 1985; Moinuddin e_t a l . , 1985; Ashfaq, 1986; 
Fatima, 1987; Moinuddin, 1987; Samiullah e t a^., 1987; 
Haque e t a l . , 1988; Haque, 1989 a, b ; e t c . ) . 
Most of these t r i a l s , however, were conducted to 
inves t iga te the ni trogen and phosphorus requirements of the 
crop. The ef fec t of potassium on the growth, y i e ld and 
qual i ty of t r i t i c a l e has not been inves t iga ted in d e t a i l . 
In view of the importance of t h i s e s sen t i a l macronutrient, 
i t s need for a crop plant cannot be ignored as i t s deficiency 
could adversely affect crop product iv i ty . Moreover, s imilar 
to the other e s sen t i a l n u t r i e n t s , a crop has an optimum 
requirement of potassium, as excessive potassium could have 
a negative effect on the y ie ld and qual i ty of grain 
(Kri shchenko and Karamatova, 1983; Mccal l is ter e t _al_,, 1987). 
Taking these points in to considerat ion, i t seems 
desirable to inves t iga te the potassium requirement of some 
selected v a r i e t i e s of t r i t i c a l e tha t have shown promise at 
Aligarh in e a r l i e r t r i a l s with other macronutr ients . I t i s , 
therefore , proposed to perform the following f i e l d experiments: 
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1, To study the effect of varying l eve l s of potassium, 
applied at the tinse of sovdng, on the growth, y ie ld 
and qual i ty of two v a r i e t i e s of t r i t i ca le (Delfin 
and TL 419) and one of wheat (as check) and to 
determine the optimum dose of potassium, giving 
uniform basal doses of nitrogen and phosphorus. 
2, To inves t iga te the i n t e r ac t i on effect of varying 
doses of potassium and nitrogen (applied basal ly) 
on the growth, y ie ld and qual i ty of t r i t i c a l e 
var ie ty "Delfin", with a uniform basal dose of 
phosphorus. 
3 , To study the in t e rac t ion effect of potassium and 
phosphorus on the growth, y ie ld and qual i ty of 
t r i t i c a l e var ie ty "Delfin", by varying t h e i r 
l eve l s applied basally* with a uniform basal 
applicat ion of ni t rogen. 
4, To study the effect of the s p l i t appl icat ion of 
nitrogen applied e i t h e r once at the time of 
sowing (basal) or twice - at sowing (basal) and 
ear ly heading (top dress ing) , with two l eve l s 
of potassium, on t r i t i c a l e var ie ty "Delfin", 
applying a uniform basal dose of phosphorus. 
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5, To inves t iga te the prospects of f e r t i l i s e r 
economy with s p l i t appl icat ion of nitrogen 
e i t h e r once at sowing (basal) or twice - at 
sowing (basal) and ear ly heading ( fo l i a r spray), 
with two l eve l s of potassium, on t r i t i c a l e 
var ie ty "Delfin", applying a uniform basal dose 
of phosphorus. 
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REVIEW OF IjITERATURE 
2.1 Triticale and its importance 
The keen interest of scientists, all over the 
world, in triticale and their sustained researches to 
develop this wonder crop was with the main objective 
to develop a nutritive grain crop that would be 
competitive with the traditional cereals and could be 
produced under poor environmental conditions. "Triticale" 
has indeed fulfilled their expectations to some extent 
in this regard. 
The potential of triticale possessing the positive 
qualities of both of its parents, was recognized by 
scientists like Muntzing, in Sweden, as early as 1934 
when he began intensive research on its breeding. His 
work did much to encourage other scientists to undertake 
triticale research. 
Besides having inherited the positive features of 
wheat and rye, the other attractive features of triticale 
include its apparent adaptability to unfavourable 
environmental conditions and resistance to diseases and 
other yield - reducing agents, such as frost, lodging etc< 
Thus, several workers have reported its superiority 
over both wheat and rye with regard to higher rust 
resistance (Hulse and Spurgeon, 1974), tolerance to high 
soil acidity (Slootmaker, 1974), greater adaptability to 
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drought conditions (Gregory, 1974 ; Stankova and 
Matsov, 1982), greater frost resistance (Stepochkin and 
Vladimirov, 1985) and tolerance to salinity (Touraine and 
Mermoun, 1985). 
The progress in developing triticale as a conroercial 
crop has been a remarkable research achievement. Until 
the middle o£ the present century, several problems such 
as incomplete fertility, low yields, lodging and inferior 
grain quality were associated with its production. These 
have been tackled expeditiously and successfully, particularly 
due to the co-operative undertaking of the International 
Maize and Wheat Improvement Center (CIMMYT, Mexico) and 
the University of Manitoba (Canada). 
The results of CIMMYT trials brought forward improved 
varieties of triticale with better test weight, higher 
lysine content and greater lodging resistance. These 
improved lines when subjected to trials in different 
countries under varying agroclimatic conditions, showed 
better performance than wheat, particularly, in poor soils. 
Workers, including Floyd (1974) from Algeria, NgamjiWabwoto 
(1974) from Kisnya, Pinto (1974) from Ethiopia and 
Vahabian (1974) from Iran, p\iblished detailed reports of 
triticale research programmes in their respective countries. 
Their prc»nising results encouraged other scientists to take up 
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triticale cultivation on a large scale and evaluate 
its characters. 
Thus, Kudryavtseva (1977) reported from U.S.S.R. 
that the Mexican forms of triticale were promising for the 
country owing to their resistance to lodging, larger 
ntjunber of grains per ear and good ecological adaptability. 
In Alaska (U.S.A.), Wooding et _al. (1977) found triticale 
to be a potential crop for the interior regions as the 
selected lines gave higher yields than other cereals, 
contained more protein and were free frcm infection. 
Parodi and Nebreda (1978), after four years of 
triticale research in Chile, noted that triticales 
performed better in comparisori to some of the best local 
wheat varieties with regard to yields, protein production 
and resistance to rusts and other cereal diseases. 
In Australia, Seatonberry (1978), after conducting 
field trials and comparing with wheat, declared Triticale 
as an alternative grain crop to conventional winter cereals. 
Riman and Rakoczi (1979), after investigating the dwarf 
triticale forms in Czechoslovakia, found that they possessed 
good resistanceto lodging, surpassing the control in yield 
and crude protein content. 
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Meanwhile, CIMMYT continued to produce nev lines 
which were shorter, more lodging resistant, had well-filled 
grains and better test weights (Zillinsky et _al., 1980). 
With the release of these lines, cultivation of triticale 
as a cereal crop was introduced and explored in several 
countries, including Pakistan (Tahir ^  al,., 1979), 
Portugal (Bagulho, 1980), Bulgaria (Kolev, 1980) and 
Brazil (Leite et _al,, 1981), Each of these reports proved 
triticale to be out yielding wheat and rye with higher 
protein and lysine contents and better performance, 
particularly, on poor and acid soils. Currently, workers 
in U.K. engaged in triticale research have also received 
encouraging results showing that triticale varieties 
capable of yielding as much as the highest yielding 
varieties of winter wheat could be produced (Ford et al., 
1984). 
In India, intensive triticale research began in the 
mid 70's. (Anonymous, 1977). At Pantnagar (U.P.) for 
example, Srivastava (1976), while discussing the prospects 
of triticale as a commercial crop in India, reported 
that improved CI>t'iYT lines had outyielded wheat under 
poor soil conditions showing good resistance to Saptoria 
and Erysiphe. Presently, research on this grain crop is 
being conducted at more than twenty - five centres, 
including Aligarh where commendable work has been done by 
Afridi and associates on its applied and environmental 
physiology including quality improvement. 
-11-
At Ludhiana, prominent workers like Gill et ^ . (1981) 
involved in breeding triticale for food and feed, have 
developed and treated new lines and have received 
encouraging results with TL 2 38, TL 2 57, TL 319 and 
TL 419. The latest bred variety TL 1210 is a dwarf one 
showing good tillering and high resistance to lodging, 
early maturing, highly resistant to rusts and smutr and 
with good quality grain for 'chappatisJ bread, biscuits 
and for animal feed (Gill et ^ . , 1986) . 
With further progress, commercial production of 
triticale extends now to more and more countries, as is 
evidenced by the following informations 
1. Earlier heading in triticale than wheat, in Chile 
(Barriga et al., 1984 a )# 
2. Use of dwarf genes in getting short competitive 
forms in U.S.S.R, (Burdum and Nandy, 1984); 
3. Justified use of triticale in rice crop rotation 
in Bulgaria (Furdzhev and Kosturski, 1984). 
4. Triticale showing aptitude as a substitute for wheat 
and being permitted for commercial release in Brazil 
(Baier and Luiz, 1985); 
5. Application of biotechnology to improve the quality 
in Germany (FRG), (Oettler, 1986); 
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6. Triticale being allowed for production in 
GDR (Anonymous, 1987) and 
7. New primary octoploid forms being developed in 
•t 
Bulgaria (S Beva e t j l , , 1987). 
I t can, thxas, be comprehended tha t what was forecast 
15 years e a r l i e r about T r i t i c a l e becoming a ser ious 
competitor to wheat as one of the world 's most important 
food crops (Macintyre and Campbell, 1973) i s now proving 
to be t r u e . 
2.2 Mineral nu t r i t i on of p lants 
I t has been rea l ized for cen tur ies t ha t roots 
of t e r r e s t r i a l p lan ts obtain nourishment from the s o i l . 
The s o i l , in addit ion t o water, supplies mineral ions 
derived from the parent rock and from decaying plant and 
animal res idues . 
However, i n sp i t e of the pior^ering work of de Saussure 
(1804), i t was s t i l l a matter of s c i e n t i f i c controversy as 
t o whether mineral elements function as nu t r i en t s for 
plant growth. The c r e d i t goes t o Jus tus von Liebig 
(1803-1873) for compiling the information concerning the 
importance of mineral elements and es tab l i sh ing mineral 
n u t r i t i o n of plants as a s c i e n t i f i c d i s c ip l i ne (Marschner,1986 
I t was only during the f i r s t half of the nineteenth 
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century when plant scientists began to acknowledge the 
fact that plant growth and development can proceed only 
when plants are supplied with the "essential elements". 
These elements are absorbed by roots, principally, in the 
form of inorganic ions derived mostly from mineral 
constituents of the soil and are referred to as "mineral 
nutrients" (Noggle and Fritz, 1976). 
These nutrients are necessary for maintenance of the 
physical organization and activities of living cells by 
virtue of their function in the generation or release 
of energy, the building and repair of protoplasm, and the 
regulation of metabolic processes (Nason and McElroy, 1963), 
Of the mineral nutrients, N,P and K are more 
important, playing significant roles in plant growth and 
development. They are rapidly removed by crops in 
comparatively larger amounts and necessitate regular 
replenishment before sowing the next crop. 
Nitrogen and phosphorus perform a predominantly 
nutritive role by being components of the important plant 
constituents while potassium proves its essentiality by 
acting as a cofactor for various enzymes and in maintaining 
the structure and hydrature of the protoplasm. 
2.2.1 Role of potassixjm in crop nutrition 
Potassium is the most important monovalent cation 
I required for plant growth. It is present in all parts 
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of plants in fairly large proportions, especially in 
leaves and at growing points. 
Among the nutrient elements, it is outstanding for 
its mobility and solubility within the plant tissues and 
can be readily re-utilised by young tissues when it is in 
short supply (Wallace, 1961). 
Unlike all the other major elements, potassium does 
not enter into the composition of any of the important 
plant constituents concerned in plant metabolism 
(Wallace, 1961) and hence, its specific role is as yet 
unknown. In general, it acts in various metabolic "processes 
by a two-fold actions 
a) by perfojoning a catalytic role as an activator of 
more than 50 enzymes (Evans and Sorger, 1966). 
b) by functioning as a free ion, it maintains 
electroneutrality within plant cells and also 
controls stomatal movements. 
In view of its involvement in virtually all of the 
metabolic processes, a deficiency of.potassium in plants 
results in leaf damage, water imbalance in leaves, decrease 
in photosynthetic activity, disturbed carbohydrate 
metabolism, increased respiration, insufficient chlorophyll 
development in some species, accximulation of certain other 
elements, a lower protein content and a higher percentage 
of soluble organic nitrogen compounds (Nason and McElroy,1963) 
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Although Birner and Lucanas (1866), experimenting with 
oats in water culture, were the first to prove that 
potassium is essential for flowering plants, potassium 
deficiency in field crops was first described by Wilfarth 
and Wimmer in 1902, and for fruit crops by Wallace in 1921 
(Bo\ild, 1963). 
The K*" requirement for optimal plant growth is 2-59^  
of the dry weight of vegetative parts, fleshy fruits and 
tubers (Marschner, 1986). 
Potassium deficiency produces marked changes in growth 
habit of plants and cereals develop a bushy habit with marked 
shortening of the internodes (Hewitt, 1963). 
Plants suffering from K deficiency show a decrease 
in turgor, and under water stress, they easily become 
flaccid. Resistance to drought is, therefore, poor and 
the affected plants show increased susceptibility to frost 
damage, fungal attack and saline conditions. K*^  deficient 
crops (due to impaired lignification of vascular bundles) 
are prone to lodging (Mengel and Kirkby, 1982). 
Potassium improves the quality of the produce by improving 
colour, flavour, sugar content, strength, keeping quality 
and weight, etc. In cereals, it is known to increase the 
grain size and grain weight (Singh and Singh, 1972). 
Inadequate soil K levels are frequently corrected by 
the use of potassium fertilisers since the inadequacy of 
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of potash in soils can become a major problem in crop 
production. Most crops, especially the high-yielding 
varieties, consxime potash in such large quantities 
that the soil is fast depleted. In addition to this, 
heavy Leaching losses also occur. Thus, in order to 
maintain the fertility level of a soil, it becomes 
essential to employ high application rates of potassium 
fertilisation. 
With scientists becoming increasingly involved in 
the use of potash with the aim to improve the quality and 
increase the quantity of agricultural products, several 
reports, on various crop plants, have been published from 
time to time indicating the beneficial effect of potash. 
Among the more important ones, mention may be made 
of Harper and Will (1969), Mengel and Koch (1971), 
Deosthale et ^ . , (1972) and Kemmler (1972) who reported 
an increase in disease resistance, growth and yield of 
potato, sunflower, sorghxim and rice respectively. 
The last decade has witnessed increased devotion 
of time and interest of agriculturists to the utilization 
of potassic fertilisers for beneficial effect on crops 
and the evidence of this can be seen from the large number 
of reports published in different countries by scientists 
working in this direction. 
Reports showing an increase in yield of sorghum 
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(Nagre, 1982); yield and protein content of wheat 
(Ahmad and Rahman, 1984); decrease in lodging of maize 
(Kayode, 1986); increased grovJth and yield of wheat 
(Khan and Makhdum, 1987; Singh and Singh, 1987); increase 
in growth and straw yield of sorghum (Ogunlela and Yusuf,1988) 
and increase in tillering with enhanced utilisation of 
nitrogen fertiliser by Shaviv and Hagin (1988) are examples 
of some of the important publications fran the developing 
countries in this context. 
As is clear from the account given above, the wide role 
of potassium in plant growth has been proved beyond doubt. 
The results obtained by agricultural scientists in different 
parts of the world should serve as a guideline for those 
interested in. triticale cultivation. 
Hence, it is desirable that earlier studies on the 
potassium nutrition of other cereals be extended to triticale. 
Appropriate fertiliser combinations, containing optimxim 
doses of N, P and K, can thus be determined. These may 
then be recommended to the farmers enabling them to exploit 
its yield potential to the maximvim, making triticale 
cultivation ccxnnercially viable and beneficial both for the 
producer and consumer. 
Mineral nutrition of triticale 
The mineral elements required for the growth and 
development of crop plants, are obtained from the soil. 
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However, among the macro-nutrient elements, N, P and K 
are most commonly deficient in the soil, as they are removed 
in large quantities by previously grown crops. In order 
to increase soil fertility and crop yields, it is necessary 
to supply these nutrients to the soil in the form of 
inorganic fertilisers. 
Although known since 1875, triticale attained importance 
as a cereal crop only towards the middle of the twentieth 
century. In the beginning, however, efforts of scientists 
were mainly concentrated on the genetic improvement of the 
crop and their attention has shifted towards mineral 
nutritional studies only during the last two decades. 
Kiss (1968), working in Hungary, is credited to be the 
first agricultural scientist to investigate the fertiliser 
requirements of triticale. According to him, the optimum 
fertiliser dressing for triticale was 140 kg N, P and K/cad 
hold (1 Cad hold = 0,57 hectare), given in two equal doses. 
Further, he suggested that triticale should be grown, 
primarily, in poor soils and sands, so as to prevent it 
from lodging, commonly noted in fertile soils. 
His pioneer work encouraged scientists and agriculturists 
all over the world, including the workers at CIMMYT, to 
direct the aims of their researches towards the nutritional 
requirements of triticale. 
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Thus, Zillinsky and Borlaug (1971), on the basis of 
trials performed at CIANO (Mexico) reported the response 
of triticale and wheat to nitrogen fertilisation. When 
levels of nitrogen from 0 - 300 kg/ha were supplied, the 
yields of triticale (in comparison to wheat) were sharply 
decreased at levels higher than 120 kg N/ha. 
Mazurek and Mazurek (1974) in Poland, received more 
or less similaJ^  results which showed that doses of N upto 
60 kg/ha, increased the grain yield while the higher N 
rate (90 kg/ha) either did not affect triticale yield or 
reduced it, 
Fodor (1974), studying the effect of split application 
of nitrogen ( 0 - 160 kg/ha) alongwith 60 g^ P -t 70Kg K/ha, 
on triticale yield in Hungary, reported that the most 
economical response was obtained from 80kg N/ha given in two 
equal split applications at sowing and in early spring. 
In India, several workers, including Agrawal (1977) 
at Jhansi, Misra (1977) at Lucknow, and Ali and Rajput (1978) 
at Pantnagar, studying the response of triticale varieties 
to nitrogen under different conditions, have reported 
significant increase in grain yields with increase in the 
N rates from o to 90l(g/ha. 
Similar results have been achieved by Pancholi uud 
Bishnoi (1980) in U.S.A., who reported that the increase 
in height of wheat and triticale was significantly more with 
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100kg N/ha, compared to 40 and 60kg N/ha, but increases 
in grain yield with rates of N >80kg/ha were not significant. 
Afridi at al. (1977) at Aligarh (India), conducting 
trials with two wheat and two triticale cultivars giving 
various N rates (90, 12 0, 150kg/ha) concluded that 120kg N/ha 
as urea was the optimum N rate. The cultivar X N level 
interaction showed that wheat variety HD - 1982 with 
150kg N/ha and Armadillo PPV - 13 triticale with 120kg N/ha 
gave the highest yields. Theyrecommended Armadillo PPV-13 
for commercial cultivation in W. Uttar Pradesh. 
Andrascik and Licko (1978) stucfying the effect of 
graded doses of nitrogen on yield components of winter cereals 
in Czechoslovakia found that there was great variation in 
the response of wheat, rye and triticale to three rates of 
N fertiliser application. As far as wheat varieties were 
concerned, Kavkaz and Aurora gave best yields in response 
to the highest fertiliser dose whereas the intermediate rate 
was the most effective with Mironovka 808. However, with 
respect to triticale and rye, it was observed that the yield 
of all varieties was greatest at the lowest fertiliser rate. 
This suggested an economy of fertiliser utilization in case 
of triticale, as related to wheat. The above finding has 
also been confirmed recently by workers like Modi and Lai 
(1981) from Pantnagar who found that yield response/kg N was 
higher in the triticale cultivar Armadillo PM 105 than in 
wheat cultivar Kalyan Sona and Tabl and Kiss (1986) from Egypt wt 
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have reported a saving of 3C^ N/ha with regard to the yield 
response of triticale as compared to that of wheat. 
At Aligarh, field trials were conducted with three 
triticale cultivars grown with basal application of 
nine combinations of N, P and K rates. The optimum 
fertiliser rate was found to be 12a<g N + 60kg ^2^3 '^^ •^ '^  P) + 
60kg J^ O (30kg K)/ha. When comparing two cultivars each of 
triticale and wheat, given 90-150Vi| NA^a, yields were highest 
with 120kg N/ha, Moreover, it was observed that the application 
of fertilisers resulted in a significant increase in growth 
and leaf N, F, K contents as well as yield but it had an 
adverse effect on the germination percentage (Inam, 1978; 
Inam et al.., 1982 a, b) . 
Tahir (1978), working on the increased production of 
winter cereals in Pakistan, reported that the application 
of 60kg N + 60kg P/ha increased the yield of wheat from 1.52 
and 1.32 t/ha (without fertiliser) to 2,23 and 2.13 t/ha 
and of triticale from 4.09 to 4.69 t/ha. He also noted that 
the optimiim nitrogen application was 150 lbs( 701^ )/ha . 
Zatko (1978) studying the effect of some agronomic 
practices on the grain yield of triticale in Czechoslovakia, 
observed that among the 3 rates of applied N (80, 110 and 
170kg/ha), application of 80 - 110kg N/ha gave 2.3 - 3.95^  
higher yields than 170kg N/ha, thus being in accordance with 
earlier findings that higher levels of N have no significant 
effect on grain yield of triticale. 
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At CIMMYT (Mexico), three triticales, eleven bread 
wheats and four durum wheats were grown at five nitrogen 
levels (0,75, 150, 22 5 and 300 kg/ha) and their nitrogen 
response curves were compared. The three triticales 
responded better than the other varieties under conditions 
of nitrogen stress (0 kg N/ha) and 75kg N/ha proved optimum 
for grain yield (Anonymous 1979). 
Kalra and Dhiman (1979) working at Meerut (India) 
also reported increased grain yield and productivity of 
wheat and triticale with increase in rates of applied N 
from 0 to 25, 50 and 75 kg/ha. Further, studying the 
quality response to nitrogen, they observed that increasing 
N rates increased the grain protein contenc but decreased 
the lysine content. 
Bishnoi and Mugwira (1980) studied the effects of 
nitrogen rates and sources on the performance of triticale 
in U.S.A. They applied 50, 100 or 200 kg N/ha in the form 
of ammonixim nitrate and sulphurcoated urea (SCU) and found 
that increasing N rates from both sources increased plant 
height and grain yields and those from SCU also increased 
grain protein content. Number of ears/plant and test weight 
were unaffected by N application. Moreover, there was 
high correlation between the grain yields and grain protein 
of Drira grown with SCU fertiliser but not with ammonium 
nitrate. 
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Cherginets et al. (1980), after conducting field 
trials at Moscow to study the effect of NPK nutrition on 
the grain quality of triticale, reported that the applicatior 
of 90kg N (in two split dressings) + 90kg PjO^ (6.3 kg P) + 
90kg K2O (45kg K) or 180kg N (in three dressings) + 120kg 
P2O5 (8.4kg P) + 90kg K2O (45kg K)/ha increased the grain 
protein content frcxn 13.396 without NPK to 14.4 and 15.6% 
respectively during the first year and from 12.6 to 13.4 
and 14.1% during the second year. It may be pointed out 
that this protein content of triticale was considerably 
higher than that of wheat grain. 
Singh et _al. (1982) at Hissar (India), conducted trials 
to find the effect of different methods of nitrogen 
feeding to wheat and triticale. Their results showed 
that the application of 60kg N/ha at sowing with a further 
60kg/ha applied as top dressing produced higher yields of 
both wheat and triticale than 120kg/ha applied basally or 
by foliar feeding. Yields of triticale were maximxim when 
more of the N was applied as top dressing. 
Graham e t ^ . in 1983 made a detailed study of the 
responses of triticale, wheat, rye and barley to nitrogen 
fertiliser applying doses of O, 35, 75, 105 or 140kg N/ha. 
They found that the n\imber of tillers and ears was increased 
by N rates of 140 and 105kg/ha respectively and plant height 
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increased upto 70 kg N/ha. There vias increased lodging 
at higher N ra tes in rye and t r i t i c a l e . Moreover, 1000 
grain weight was found to decrease with increasing N supply. 
Reports of increased lodging and reduced 1000 grain 
weight at higher r a t e s of N have been received from recent 
workers a l so , including Mazurek e t al . (1984), Mazurek and 
Kus (1985) from Poland and Saleh et al. (1985) from Egypt. 
Alvi (1984) at Aligarh ( Ind ia ) , applied three l eve l s 
of nitrogen (ICXD, 150 and 2 00i(g N/ha) and three of phosphorus 
(13, 26 and 39hg P/ha) , together with a uniform dose of 
potassiiim (26kg K/ha), t o two va r i e t i e s of t r i t i c a l e 
(Armadillo PM 108 and Bronco 90) and one wheat c u l t i v a r 
(HD - 1982). The optimum f e r t i l i s e r dose was found to be 
200kg N + 26kg P/ha for most of the y ie ld a t t r i b u t e s 
including average grain yield (40,6 q /ha) which exceeded 
the control (NoPo) by 116%. Armadillo PM - 108 gave 24% 
more grain yield than Bronco-90, and surpassed the wheat 
check in ear length, Spikelet number/ear, 1,000 grain 
weight and straw y ie ld , but i t s grain y ie ld was only 80.5% 
of the wheat check. 
Ashfaq et ^ . (1984) also conducted a f i e ld experiment 
at Aligarh to study the effect of seven leve ls of basal 
nitrogen from 0-300kg N/ha applied with a uniform dose of 
2 51(g P and 2 5t<g K/ha, on eight yield parameters of two t r i t i c a l e 
v a r i e t i e s (Badger - PM 118 and Bronco - 90). A s ign i f ican t 
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response to nitrogen application in all yield parameters 
was noted, with 150kg N/ha proving optimum for most of the 
characters. Variety Badger - PM 118 significantly 
outyielded Bronco - 90 and showed an increase of 9.9?S in 
total grain yield. 
Piech and Braun (1984) observed the effect of nitrogen 
fertiliser level on the amino acid content of triticale 
GUltivars MT - 29515 and B - 2061 grown in Poland with 
0, 50, 100 or 150kg N/ha. Theyreported that the essential 
amino acid index was reduced at low and was increased at 
high N rates. 
Dimitrov (1985) studied the influence of fertilisation 
with N, P and K upon the productivity of triticale in 
Bulgaria. He tested six variants viz.- control N^ P ^ Q ) J 
^120 ^100 ^ o ' ^ 160 ^ 130 ^ o ' '^ leo ^ 130 ^ 3 0 * ^ 200 ^160 ^ o ' 
^200 ^ 160 ^ 60 ^^ came to the conclusion that triticale 
possesses high productivity, the highest yield being obtained 
when fertilised with ^QQ ^150 ^ o* According to him, 
fertilisation with K did not increase the yield and hence 
was not recommended for the investigated soils, 
Mpinuddin et al, (1985) made a detailed investigation 
of the nutrient reqxiirements of new triticale varieties at 
Aligarh, by studying the effect of three levels each of 
nitrogen (NJ^SQ. N2QQ, NJJQ) and phosphorus (P3Q, P^Q, P^Q) 
on the growth characters of four triticale varieties 
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(TL - 419, Tigre, Muskox and Delfin), and one variety 
each of wheat (HD - 1982) and rye (Russian rye). They 
observed that N200 ^40 ^ ^® ^^® best comhination for all 
the varieties tested. Delfin gave the best performance 
with N200 ^ 40 ^  Delfin proving to be the optimum combination 
for all the growth attributes. They further observed that 
all growth characters contributed significantly to the yield 
of triticale and wheat. 
In Pakistan, Latif et ad. (1986) have added a new 
aspect to the mineral nutritional studies of triticale 
by investigating the phosphorus and zinc nutrition of 
triticale alongwith wheat. They have reported that 
phosphorus application increased the grain and straw 
yields of both crops whereas Zn application had little 
effect. However, in general, they observed that the grain 
yield of wheat was higher than that of triticale. 
At Shahjahanpur (India), a field experiment was 
conducted by Abbas and Kumar (1987) to study the response 
of wheat and triticale varieties to timings of nitrogen 
application coinciding with irriga.tion schedule. They 
found that application of nitrogen in three equal splits 
as basal dressing at sowing, with irrigation after 30 days 
(I) and then after 75 days (III) of sowing, proved best. 
Aquilina (1987) studying the effect of nitrogen on 
triticale quality in U.K., applied 7 rates of N, from o to 
240kg/ha to triticale cultivars Lasko and Salvo, and measured 
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their specific vjeight and 1,000 grain weight. It vjas 
found that higher N rates decreased both sjDecific weight 
and 1,000 grain weight. Moreover, Lasko gave higher 
specific weight (69.4 kg/hi) compared with Salvo (67.7 kg/hi). 
Arangino _et _al. (1987) conducted nitrogen fertiliser 
experiments on three triticale cultivars in Italy, giving 
80, 12 0 or 160 kg N/ha. Analysis of yield showed that 
in general, the lower N rates significantly increased 
grain yield. They further observed that at an altitude 
of 500 m, 120 kg N/ha gave raaxiravim average grain yields 
of 4,3 t/ha and recommended split applications of 12 0 l:g 
N/ha at sowing and when plants met in the row. 
Dziamba (1987), working in Poland, studied the effect 
of fertiliser and CCC application on yield, yield ccmponents 
and grain quality of triticale, rye and vjheat. The fertiliser 
dose consisted of 0, 150, 300 or 450 kg NPK together with 
2 or 4 kg CCC/ha. The results showed that 150 kg N NFK/ha 
gave the highest yields while CCC application reduced 1,000 
grain weight but increased average grain yields and other 
yield components, 
Naylor (1987) in U.K., performed two experiments to 
assess the response of triticale to nitrogen fertiliser 
rates from o to 180 kg N/ha and to applications of CCC, 
He noticed that whereas higher N rates had no effect on mean 
grain weight, application of CCC affected it adversely. 
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Samiullah et al. (1987) studied the effect cf nine 
basal combinations of NPK on growth characteristics of 
triticale in the field and found that fertiliser application 
favourably affected all growth characteristics. Further, 
they observed that in general, combinations containing 
120kg NAia were more effective for most of the parameters 
in all the three varieties under investigation. 
In Punjab, Samra and Singh (1987), studied the response 
of triticale variety TL - 419 to sowing dates, nitrogen 
levels (0, 50, 100 and 150kg N/ha) and seed rates (60, 90 
and 120 kg/ha) for two years. The application of nitrogen 
at 150 kg/ha and seed rate of 120 kg/ha recorded significantly 
higher yield during both the years. 
Vaulina (1987), from U.S.S.R., while studying the effect 
of mineral nutrition on grain yield and quality in triticale 
reported an increase in yield and protein content by 
fertiliser application. She found that application of 
PK + 90 kg N/ha increased the yield of triticale from 
2,22 t/ha to 3.17 t/ha and the grain protein content from 
12.0% to 14.4% , She also observed that further increases 
in S" rates were not effective. 
Thus, it is clear from the review above that most of the 
fertiliser trials on triticale were focussed on nitrogen 
applications (rates, forms, time etc.) and a few on phosphorus, 
The response of triticale to potassium still remains 
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uninvestigated to a large extent. It, therefore,seems 
desirable to fill this lacuna by taking up detailed studies 
on the response of triticale to this important macronutrient, 
2.4 Foliar nutrition 
Agriculturists and farm scientists investigating 
the prosjsects of fertiliser economy, have suggested different 
methods from time to time to avoid the wastage of costly 
fertilisers. One - such method is to apply part of the 
fertilisers in the form of dilute solution to the leaves. 
This technique, known as foliar nutrition, has been 
developed and improved through the years and application 
of fertilisers and chemicals to the leaves of crops has 
now become more or less a routine farm practice. 
The fact that most of the nutrients applied directly 
to the leaves and other aerial parts are readily absorbed 
and translocated, often several times more efficiently than 
comparable doses applied to the roots (Boynton, 1954 ; 
Wittwer and Teubner, 1959), clearly shows the superiority 
of foliar spray over conventional methods of fertiliser 
application at least under conditions precluding soil 
dressing. 
Another well known fact is that a large quantity of 
soil - applied fertilisers is wasted, becoming unavailable 
to crops due to fixation, leaching or other factors. This 
stresses the need for supplemental application of the required 
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nutrients (split doses of fertilisers) either in the 
form of top dressing cr as foliar sprays . A sound 
reason for the wide acceptance of foliar application 
in this context is the unavailability of about 70 per cent 
of the soil - applied P (Russell, 1950) and of about 
50 per cent of nitrogen (Anonymous, 1971). Moreover, the 
quantity of fertiliser sprayed is much less than that 
required as top dressing. The operational costs are 
negligible as foliar fertilisation can be adjusted as a 
part of routine pest control measures which are essential 
for optimum yields. In addition, this method is ideal 
specially for sandy soils and for dryland farming where 
high doses of fertilisers may have harmful osmotic effects 
on roots and in crops with dense stands where tor; aressing 
is difficult (De, 1971s Afridi and Wasiuddin 1977; 
Afridi, 1983). Thus foliar nutrition has proved itself 
as an effective, economical and beneficial method to 
ensure nutrient supply at the proper stage of development. 
The technique of foliar fertilisation is known since 
1803 when Forsyth used it for the first time (Bould,1963). 
However, nearly for a century, the technique was restricted 
to the correction of micro-nutrient deficiencies in plants. 
Credit goes to the pioneer workers of the present century, 
including Silberstein and Wittwer (1951), Tolhurst and 
Bould (1952), Thorne and Watson (1952, 1953), Swanson and 
Whitney (1953) and Thorne (1954 a, b) among others, who 
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developed and established this technique for economy 
of costly fertilisers. 
In India, after the first report of foliar nutrition 
by Sadaphal and Das (1956), several workers have tested 
the efficiency of this technique as a m^ans of crop 
improvement. The notable contributions include 
Anonymous (1958), Kannan and Ranganathan (1963), 
Ranganathan and Gtovindan (1964), De et _al.(1968), Afridi 
and Samiullah (1973), Khalique (1975), Qaseem (1975), 
Naqvi (1976), Afridi et al. (1977), Afridi and Wasiuddin 
(1977), Naqvi et al. (1977), Inam (1978), Afridi et al. 
(1978 a, b), Parvaiz et al. (1982), Afridi _et ad. (1983), 
Samiullah et al. (1983), Akhtar et al. (1984), Alvi (1984), 
Mohammad et _al.. (1986), etc. 
As far as triticale is concerned, only a fev: references 
are available regarding the feffect of foliar application 
of nutrients on this crop. A short account of the important 
available information is given here. 
Based on CIMMTT trials, it was reported in 1976 that 
urea spray on triticales (and wheat), at heading and later 
stages, resulted in significant increase in grain yield 
and this was attributed mainly to the positive effect on 
grain nvimber per ear (Anonymous, 1976) . 
Kulshrestha et al. (1976), studying the effect of boron 
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spray in tv«elve s t r a i n s of t r i t i c a l e a t I .A .R . I . (New Delhi , 
India) found tha t there was a tendency for 1,000 grain 
weight t o increase a f te r boron treatment except in the 
s t r a i n 4983, However, p ro te in content decreased s ign i f i can t ly 
in many cases . 
Dhiraan (1978), working at Meerut (India) on t r i t i c a l e 
var ie ty Bronco 90, reported tha t f o l i a r appl ica t ion of N 
as a supplement to basal f e r t i l i s e r (1/2 N basal + Jj N 
f o l i a r ) , s ign i f i can t ly increased the gra in y i e ld , grain 
protein content and gra in prote in y i e l d . 
Inam (1978), conducting f i e ld experiments at Aligarh 
(U.P., I nd i a ) , s tudied the response of t r i t i c a l e var ie ty 
Armadillo PPV 13 t o appl ica t ion of N and F by f o l i a r 
spray alone and in combination. Urea (20 1% N/ha) and 
sodium dihydrogen ortho-phosphate (2 leg P2^5 ^ ••^ '^  ^ P)Aia) 
were sprayed separately and in combination as a supplement 
t o three so i l -app l ied N regimes (90,120 or 150 UgA^ a) at 
the milky grain stage of development. I t was observed tha t 
the combined effect of N and P spray was maximum on various 
y ie ld a t t r i b u t e s , giving 15.3% higher y ie ld than the water-
sprayed con t ro l . 
Sayed and Al-Saad (1979) conducted a two year f i e ld t r i a l 
at Riyadh (Saudi Arabia) , to study the effect of foliar> 
appl ica t ion of nu t r i en t s on grain y ie ld and qual i ty of 
two t r i t i c a l e l i n e s , namely (a) Armadillo Sx 308 - 3N and 
(b) Beaver X Armadillo Sx 2458 - OY - 111 and a wheat 
- 33 -
phosphorus and potassixim alone or in the following 
combinations! nitrogen and phosphorus; nitrogen and 
potassixim or ni trogen, phosphorus and potassium with 
water as con t ro l . In each operat ion, 4,73 l /ha of 10?^  
ni trogen, 12% ^2^5 ai^d/or 6% K2O was applied as f o l i a r 
spray. They noted that average grain y ie lds were 2,40 
and 2.36 kg per plot for the t r i t i c a l e l ines and ?,75kg 
per p lo t for wheat. The f e r t i l i s e r treatments increased 
the gra in yie ld but the effect varied depending on the year . 
At Aligarh, Abbas (1980) studied the effect of leaf-
applied N, P and N •<- P on the yield c h a r a c t e r i s t i c s of 
t r i t i c a l e var ie ty Badger PM - 118 and wheat cu l t i va r 
Sonalika. He found tha t combined spray of sodium dihydrogen 
orthophosphate with urea e l i c i t e d highest response for 
most of the yie ld c h a r a c t e r i s t i c s , including grain yield* 
Compared with the water-sprayed con t ro l , the grain yie ld 
in t h i s treatment was 44.6% higher. Moreover, the spray 
of N alone was more e f fec t ive than that of P alone, 
Singh et al_, (1982), inves t iga t ing the effect of 
d i f ferent methods of nitrogen appl icat ion on t r i t i c a l e and 
wheat at Hissa r^ Ind ia ) , applied various combinations of 
nitrogen including basa l , top dressing and fo l i a r feeding. 
They noted that in the case of foliar appl ica t ion , 1,000 
grain weighc was increased, 
Afridi (1983) reviewed the work done on fo l i a r 
f e r t i l i s a t i o n in a var ie ty of crops, including t r i t i c a l e . 
- 34 -
with particular reference to the researches undertaken 
by his colleagues. He emphasised that, in addition to 
higher yields, combined spray of N and P at proper stage 
of growth was highly beneficial in ensuring the desired 
quality of the produce and resulted in economy of 
fertilisers in many cases, 
Alvi (1984), also at Aligarh (India), studied the 
effect of foliar spray of nitrogen and phosphorus, alone 
or in combination,on yield and grain quality of triticale 
(Armadillo PM - 108, Bronco 90) and wheat(HD 1982). He 
applied the fertiliser as a basal dose or as foliar spray 
in such a manner that each treatment finally received 
200 kg N and 26 kg P/ha, Nitrogen spray was done using 
aqueous solution of urea alone or in combination with 
phosphorus in one spray at 90 days or in two sprays at 90 
and 100 days after sowing. The control was given only 
water spray and full fertiliser dose at the time of sowing. 
Maximum (9,8 per cent higher than the control) grain yield 
was obtained by split spray of nitrogen. 
In view of the increasing demand and the rising prices 
of fertilisers, it seems desirable to make a detailed 
study ofthe effect of foliar feeding on new varieties 
of triticale, so as to test whether or not economy of 
fertilisers can be achieved to the advantage of the farmers, 
2.5 Mineral content of triticale 
It is generally agreed that triticale is a good source 
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of minera ls . However, very l i t c l e v/ork has beeii done t o 
explore the mineral contents of t r i t i c a l e and only a few 
references are avai lable in t h i s connection, as can be 
seen from the review given below. 
Lorenz et _al. (1974 a, b) of U.S.A., s tudied the mineral 
composition of five v a r i e t i e s of t r i t i c a l e and t r i t i c a l e 
mil l ing f r ac t ions . They found tha t the t r i t i c a l e grains 
contained minerals in the following proportions - K 0.44%, 
P 0.4%, Mg 0.1S%, Ca 0.03% and Mn 55, Fe 52, Na 45, Br 33, 
Zn 26, Cu 7, Sr 5 and Rb 3 >ug/g. Moreover, a comparison 
of the t r i t i c a l e v a r i e t i e s with tha t of durum wheat and 
rye indicated tha t the t r i t i c a l e s contained higher amounts 
of K, P, Mg, Na, Mn, Cu, and Zn. 
Shulyndin and Pshenichnaya (1976) from U.3.S.K. 
reported that the grains of t r i t i c a l e c u l t i v a r s contained 
higher N and P contents than those of wheat and rye and 
higher K contents than those of wheat but lower than those 
of rye . A s imilar t rend for contents of these nu t r ien ts 
in the straw was also observed. 
Kozak and Tarkowski (1977) from Poland, af ter evaluating 
the minerals in grains of t r i t i c a l e , wheat and rye, found that 
the average contents of mineral elements i n t r i t i c a l e , wheat 
and rye, respect ively were : N 2 .6 , 2.2 and 1.8 ; PjO^ 1.10, 
0.94 and 0.69; KgO 0.53, 0.54 and 0.49; MgO 0.85, 0.74 and 
0.66% and NajO 1.3, 1.3 and 1.4; CaO 20, 13 and 17; Zn 2.36, 
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1.80 and 2.04; Fe 1.96, 1.91 and 1.98; Mn 2 .33 , 1.94 and 
2.27; Cu 0.32, 0.21 and 0.45; Pb 0.067, O.J73 and 0.079 
mg/lOJg. 
The same workers in 1979 studied the contents of 
Cu, Zn, Mn, Fe and Mg at d i f ferent s tages of growth cf 
t r i t i c a l e , wheat and rye and reported t h a t the mineral 
content of the aer ia l par t of t r i t i c a l e , wheat and rye 
was highest at the stage of stem elongation and l ea s t 
at fu l l r i penes s . In ful ly r ipe grain of t r i t i c a l e , the 
mineral contents were as follows^ Cu - 0 ,3 , Zn - 2 ,2 , 
Mn - 3.1 , Fe - 2.0 and Mg - 90 mg/lOOg (Kozak and Tarkowski, 
1979 a, b ) . 
Bertoni and Rossi (1981), inves t iga t ing the chemical 
and nu t r i t i ona l c h a r a c t e r i s t i c s of the grain of t h i r t y - t h r e e 
new lines of t r i t i c a l e , estimated that the K, P, Mg, and Zn 
contents of t r i t i c a l e gra in were higher . Whereas Na and Fe 
contents were l e s s than in wheat or rye, Ca, S, Cu and Mn 
values for t r i t i c a l e were moderate. 
Bubicz e t al_. (1981) af te r gr<3iwing in the f i e ld , 
t r i t i c a l e , wheat and rye , determined the contents or Cu,Zn, 
Mn and Fe in tops and roots at the beginning of ear development 
They found t h a t , in a l l three ce r ea l s , Fe contents were 
highest and Cu contents lowest . The leve ls of t race 
elements were highest i n the roots and lowest in the 
e a r s . T r i t i c a l e contained the highest leve ls of Cu and Fe, 
wheat the highest level of Mn and rye the highest level of Zn. 
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Inam et ^ . (1982 b) tested three triticale varieties 
at different stages of grovjth for leaf N, P and K contents 
at Aligarh (India). They found that nutrient content 
increased significantly by the application of fertilisers. 
The dose N^jo ^60 ^ 0 recorded the maximum values for N 
at all stages. For P. NQQ P^Q K3Q. N^jO ^30 ^30 ^"^ ^ 120 
PeO ^30 ^'''^ ^°^ ^» ^120 ^ 60 ^ 60 . ^90 ^ 60 ^ 30 ^"^ 
^120 ^ 60 ^ 30 ^ ®^® "^°^^ effective at tillering, heading 
and milky grain stages respectively. N, P and K contents 
were highest in the triticale cultivar Armadillo PPV 13 at 
tillering. At heading and milky grain stages, N and K were 
highest in Badger - PM 119 and P in T^^. 
Graham et. _al_, (1983), while studying the response 
of triticale to nitrogen fertiliser, observed that with 
increasing level of N supply, grain and straw N increased 
upto fertiliser levels of 140 and 105 kg N/ha, respectively. 
Piech and Braun (1984), working in Poland , studied 
the effect of nitrogen fertiliser level on the amino acid 
content of two triticales and found that increasing N rate 
increased total N content, but had little consistenteffect 
on contents of individual amino acids. Moreover, of the 
two triticale cultivars, B-2 061 had a lower total N content, 
but a higher biological value of the protein than MT-2 9515. 
In the FRG, Burgstaller and Koch (1985) noted that, 
in triticale, the contents of calcium, magnesivim and 
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potassium were similar to those in wheat and barley, but 
mean phosphorus and sodium values were 4.6 and 0.03 g/kg 
DM. 
Latif et _al. (1986) working in Pakistan, conducted a 
field experiment to investigate the P and Zn nutrition of 
triticale and wheat and found that applied P decreased 
Zn concentration, while Zn application had little effect 
on the P concentration of the two crops. 
Lasztity (1987) studied the variation of element contents, 
including N, P, K, Ca, Mg, Fe, Mn, Zn, Cu, B, Ba, Be, 
Bi, Sn, Sr, Sb, ri, Te, Se, V, As, and Hg concentrations 
in triticale under field conditions, in Hungary. The samples 
were collected every ten days from tillering to full 
ripening stage. The concentrations were generally found to 
decrease from early growth to harvest. A notable feature 
observed was that the elemental concentrations in triticale 
differed from the other cereals, but the trend of the variatior 
was similar. 
Naylor (1987), studying the nitrogen content of triticale 
grain in relation to nitrogen fertiliser and CCC applications 
found that higher N rates increased grain N content from 
1.41% with no applied N to 1.76 and 1.90% with 150 and 180 kg 
N/ha respectively. Regarding CCC applications, early 
application decreased and late application increased the 
grain N content. 
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In view of the beneficial effect that minerals play 
in human as well as animal nutrition it would be of value 
if the mineral composition of triticale ^rain and straw 
were determined as affected by various cultural practices, 
particularly with regard to the application of fertilisers. 
2.6 Yielding ability and grain quality 
The primary objective of the world-wide triticale 
project is to provide more food of better nutritional 
value for people who depend on cereal grains. This objective 
could only be achieved if the two criteria namely (i) high 
yielding ability and (ii) better grain quality could be 
fulfilled. Triticale, having come up to the mark with 
respect to grain quality as well as yielding ability has 
given a new hope for providing a solution to the food 
problem of the world. 
2.6.1 Yielding ability 
Theearlier strains of triticale were comparatively 
inferior to the traditional cereals in their yielding 
ability, except in some less fertile soils, at high 
altitudes or low temperatures. However, interestingly, 
within two decades, the untiring efforts of scientists 
engaged in improving the yielding ability of this 
cereal have resulted in the development of several new 
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varieties with greatly improved yield potential. Workers 
at CIMMYT and elsewhere have made their respective 
contributions in this field. Further, the newly developed 
varieties have been subjected to trials in different 
agroclimatic conditions of the world so as to test the 
desirability of their cultivation on commercial scale. A 
brief resvune of the available reports is given below. 
Larter (1974), giving a brief review of twenty years 
of triticale research at the University of Manitoba, 
Canada, noted that, during 1973, the mean yield of all 
advanced triticale lin&s was 105% of the bread wheat 
Manitou and the commercial triticale Rosner. The highest 
yielding line exceeded Manitou and Rosner by as much as 2(M. 
Sergienko (1974) reported from U.S.S.R. that triticale 
gave grain yields of 6.8 t/ha which were almost twice the 
yields of the best winter wheat, 
Gregory (1974) emphasised that triticale lines out -
yielded wheat and believed that the yield potential of 
triticales was probably much higher than that of the wheat 
check. 
Wooding et _al. (1977) while evaluating triticale as 
a potential crop for interior Alaska, reported that the 
selected lines of spring varieties of triticale gave higher 
yields than other cereals of the region. 
Barnett and Uike (1979) working in Florida (U.S.A.) 
-41-
reported that triticale generally gave higher yields 
than the other small grain crops, including wheat, oats 
and barley. 
Bagulho (1980) reported from Portugal that the selected 
triticale cultivars gave average yields that were 24-37% 
higher than the standard wheat cultivar and 55-71% 
higher than the standard rye cultivar. 
There are similar reports from various other workers 
about the superior yielding ability of triticale compared 
to its parents. These include Anonymous (1978), Barradas 
(1978) from Portugal, Seatonberry (1978) from Australia, 
Shulyndin and Sotnikov (1980) f rom U .3 .S .R., Gill et al. 
(1981) from Uidhiana (India), Leite _et _al. (1981) from 
Brazil, Nebreda and Parodi (1981) from Chile, Bariiga 
et al. (1984 b) from Chile, and lately I-'cinuddin and Ata 
(1985) from Aligarh (India), Tsaukova et ol.(l936) from 
Bulgaria and Ittu _et _al,. (1987) fran Romania. 
2 .6 ,2 Grain quality 
The quality of a cereal grain is measured principally 
by its lysine content ( lysine/lOOg protein). TiiLicale, 
in this respect is considered nutritionally better than 
wheat as it contains higher grain protein and more balanced 
amino acid composition with higher proportion of lysine, than 
wheat (Villegas et _al. 1968, Hulse and Spurgecn 1974). 
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According to Hulse and Laing (1974)^the more 
advanced t r i t i c a l e s are at l e a s t equal i n prote in content 
and superior in b iological value to wheat. 
Vil legas and Bauer (1975), af ter t e s t i n g eighteen 
improved t r i t i c a l e l i n e s at CII^ WTfT (Mexico), concluded 
tha t agronomically improved t r i t i c a l e s have decreased in 
prote in when compared with previously - produced l i n e s , 
but have increased in gra in yie ld and lys ine concent. 
Demir et_ a l . (1978), making a comparative study of 
the pro te in content and amino-acid canposi t ion of wheat, 
rye and t r i t i c a l e material from Turkey concluded that 
t r i t i c a l e was best in prote in content and amino acid 
composition. 
Dobrovolskaya (1978) in Russia, evaluated the proteins 
in the g ram and bread from wheat and t r i t i c a l e and reported 
tha t the c r i t i c a l e gra in and the bread prepared from 
t r i t i c a l e had a be t t e r n u t r i t i v e and biological value than 
wheat grain and bread prepared from i t . The n u t r i t i v e value 
of the high - lysine t r i t i c a l e was also 1.5 times grea ter 
than tha t of wheat. 
Dziamba (1978), comparing the yield and qual i ty of 
t r i t i c a l e with tha t of wheat and rye in Poland, reported that 
the t o t a l protein concents of the grain were 15.4% for 
t r i t i c a l e compared with 13.4 ai.d 11.4 for wheat c u l t i v a r s and 
10.2% for rye c u l t i v a r s . 
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Haber (1979), from Poland, reported that although 
triticale flour fell between wheat and rye flours in 
bread-making quality, most triticales were richer than 
wheat and rye in crude protein and especially in lysine 
contents. The best among them (K-514) contained 8,5% 
more lysine than the best rye, 
Pleshkov et _al .(1979) ir>U.S.S.R., compared the protein 
complex of nine hexaploid triticales with bread wheat and 
rye and found that the triticales had a protein content 
of 14.4 - 16.7% which was 2.6 - 4.9?^  higher than that of 
rye and 1,5 - 3.8% higher than that of wheat. The total 
content of essential amino-acids per lOOg of grain was 
higher in the triticales than in rye and wheat. 
Higher protein as well as lysine content and a 
more balanced amino acid composition in triticale has 
also been reported by several other workers like Chen 
et al.. (1979) from Taiwan, Ghmeleva and kekhmetulin (1980) 
from U.S.S.R., ^imann (1980) from Czechoslovakia and 
Bernard and Vermorel (1981) from France. Chen et al .(1979) 
also found an inverse relationship between the protein 
content in the grain and the lysine content in protein which 
was confirmed by later workers, including Dimitrov and 
Ilcheva (1985). 
Bertoni and Rossi (1981), after investigating the 
chemical and nutritional characteristics of the grain of 33 
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new lines o£ triticale concluded that grain of triticale, 
on average, had crude protein - 13.5%, ether extract -
2.2%, crude fibre - 3.C%, nitrogen - free extract 79,4%, 
ash 2.0% and starch 65.5%. Moreover, values for essential 
amino acids were intermediate between those for wheat and 
rye, except for methionine, valine and tryptophan which were 
less. 
In India, Chawla and Kapoor (1982,1983) working at 
Kissar, Haryana, studied the chemical composition and 
protein quality of wheat and triticale flour and evaluated 
the nutritional quality of the "chappatis" prepared after 
substituting different proportions of wheat flour with 
triticale flours. They found that the flours of triticale 
varieties contained higher amounts of protein, crude fibre, 
total and available lysine and lower contents of gluten 
than wheat. They also observed that as the proportion of 
triticale flours in chappatis increased, the protein quality 
of the chappatis improved. 
Jardine and Gunther (1982) working on the behaviour 
of mixed wheat and triticale flour in baking reported that 
bread produced by a 90 : 10 flour was of very good quality, 
nearing the wheat flour standard. 
Morey and Evans (1983) from U.S.A. after studying the 
amino acid composition of six grain crops, reported that 
triticale and rye grains were higher in lysine than wheat 
grain and the triticale cultivar Beagle 82 was higher in 
most of the amino acids than the other triticale cultivars• 
tested. 
- 45 -
Barriga e t a l . (1984 b) compared the nu t r i t i ona l 
and mil l ing qual i ty of t r i t i c a l e and spring wheat at 
Chi le . According to them, compared t o wheat, t r i t i c a l e 
had 48'/ higher whole - grain protein content(13.7 vs. 9.3%), 
ie% higher prote in y ie ld (506.7 vs . 435,9 kg/ha) and 26% 
higher lys ine content in the grain (0.374 vs . 0.297%). 
Lysine content in the pro te in was lower for t r i t i c a l e than 
wheat (2.74 vs . 3.25%). Lysine yie lds were, however, 
comparable (13.91^8.14.17 kg/ha l . 
Dimitrov (1984) s tudied the prote in and lysine contents 
in the grain of Bulgarian t r i t i c a l e c u l t i v a r Mo.7291, as 
influenced by three autvimn and one spring seeding and 
three mineral f e r t i l i s e r l e v e l s . He observed that the 
g rea tes t differences in pro te in content were conditioned by 
the crop year (3.505^), followed by date of seeding (2.96%) 
and in the t h i r d place by mineral f e r t i l i s e r level (1.48%). 
Protein level increased by l a t e r seeding dates and high 
mineral f e r t i l i s e r ra tes and lysine content in grain prote in 
was 2,84 - 3.94%, 3.34% on the average. The presence of 
a negative co r re l a t ion between grain y ie ld per decare and 
prote in content in the grain was confirmed* Later, Dimitrov 
and Ilcheva (1985) made a de ta i led study of the effect of 
date of seeding, ra te of seeding and level of f e r t i l i s e r 
appl icat ion on the prote in content and amino acid composition 
of t r i t i c a l e . They found tha t s t a t i s t i c a l l y s igni f icant change 
in protein content was observed only as a r e su l t of seeding 
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date, its quantity being increased when triticale was sown 
later in spring. Fertiliser application did not lead to 
significant increase in protein content due to sufficient 
nutrient elements in the soil. The effect of plant density 
on grain protein content was also insignificant. 
Burgstaller and Koch (1985), estimating the feeding 
value of triticale, found that the mean crude protein, 
fat, fibre and nitrogen - free extract in DM of 4 varieties 
of triticale were 13.8, 1.5, 2.4 and 80.1% with 67% starch 
and 3.4% sugars. Mean values for lysine, methionine, 
cystine and threonine were 3.4, 1.7, 2.3 and 3,1 g/lOOg 
crude protein. 
At Kanpur (India), Yadav and Srivastava (1986) studied 
the influence of agronomic practices including sowing date, 
irrigation and fertility level on protein and lysine 
contents and their yields in triticale. According to them, 
earlier sowing dates gave higher grain protein percentage 
while crop sown at later dates had higher lysine content. 
Taking all aspects into consideration, it can be 
concluded from the above review that despite remarkable 
progress in triticale research during the last twenty years, 
there are many lacunar that require detailed investigation. 
The purpose of the proposed study is mainly to probe into 
some of these neglected aspects. 
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PROPOSED STUDY 
To fulfill the aims and objectives mentioned earlier, 
it is proposed to perform five field experiments on 
triticale varieties with regard to their potassium requirement, 
together with nitrogen and phosphorus, under local 
agro-climatic conditions. 
These trials will include critical studies ofs 
a) Potassium requirement of triticale in comparison 
to wheat, 
b) Interaction effect of potassium and nitrogen doses 
on triticale, 
c) Interaction effect of potassium and phosphorus 
doses on triticale, 
d) Effect of split application of nitrogen with 
potassium, 
e) Feasibility of achieving fertiliser economy 
through foliar fertilisation. 
These trials will be conducted during the "rabi" season 
(winter) at the Agricultural Farm of A,M,U., Aligarh, as 
per details given belows 
3.1 Preparation of the experimental field 
Before starting each experiment, the field will be 
thoroughly Ploughed to ensure proper aeration alongwith 
the elimination of tflfeeds, Organic manure will be added to 
maintain the fertility and the water holding capacity of the 
soil. After that small plots of 5 sq,m. each will be prepared. 
A light irrigation will be given before sowing. The basal doses 
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of various inorganic fertilisers containing nitrogen, 
j^osphorus and potassium will be added before sowing in 
each plot, according to the aim and objective of each 
experiment. 
3.2 Soil characteristics_ 
Before sowing, soil samples will be collected randomly 
from various plots at a depth of about 10 - 15 cm. The 
collected samples will be mixed to form a composite soil 
sample. This will be analysed for various physico-chemical 
properties, including texture, organic matter, CE5C, pH, 
electrical conductivity and available nitrogen, phosphorus 
and potassium contents of the soil, 
3.3 Field experiments 
The following field experiments will be conducted at 
the Agricultural Farm, according to the scheme of treatments 
given in Tables 1 - 5 . Experiments 1 and 2 will be conducted 
in the first "rabi" season and 3,4 and 5 in the next season. 
3.3,1 Sxperiment-1 
This experiment will be conducted to study the 
comparative perfonnance of two triticale varieities, 
including Delfin, the best yielding CII^YT variety 
and TL 419, bred and released hy the scientists of 
PAU, Ludhiana, and one locally popular, high yielding 
wheat cultivar ( HD 2204 ), under four levels 
of basal potassium ( 2 0, 40, 60 and 80 kg K/ha). The 
T A B L E - 1 
Scheme of t r e a t m e n t s 
(Experiment-1) 
S.No. V a r i e t i e s Source P o t a s s i u m t r e a t m e n t s kg K/ha 
20 40 60 80 
A T r i t i c a l e 
1 D e l f i n CIMMYT 
(Mexico) 
2 TL 419 PAU 
(Ludhiana) 
B Wheat 
1 HD 2204 L o c a l 
N .B . A un i fo rm b a s a l dose of 150 k g / h a n i t r o g e n and 30 k g / h a 
p h o s p h o r u s w i l l be added a t t h e t i m e of sowing . 
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scheme of the experiment is given in Table-1. The design 
of the experiment will be factorial radomised with three 
replications, A uniform basal dose of 150 kg/ha nitrogen 
and 30 kg/ha phosphorus will also be applied at the 
time of sowing. Sources of nitrogen, phosphorus and 
potassixim will be urea, monocalcium superphosphate and 
muriate of potash respectively. The seed rate will be 
kept at 100 kg/ha. Sowing will be done during the month 
of November by "behind the plough" method. The size of 
each plot will be 5 sq.m. Weeding will be done twice, at 
tillering and heading, while irrigation will be done 
according to the requirement of the crop. Harvesting 
and threshing will be done manually during che month of 
April. 
3.3.2 Experiment-2 
This experiment will be conducted simultaneously 
with Experiment 1. The aim of this experiment will be 
to study the interaction effect of the varying doses of 
potassixim and nitrogen applied ^ asally on the growth, 
yield and quality oftfiticale cultivar "Delfin" . A uniform 
basal dose of phosphorus ( 30 kg F/ha) will also be applied 
at the time of sowing. The design of the experiment will 
be factorial randomised. The scheme of the experiment is 
given in Table-2 . Each treatment will be replicated thrice. 
Sowing date, size of plot, seed rate, sowing method, 
weeding, irrigation and other agricultural practices will 
be the same as in Experiment-1. 
T A B L E - 2 
Scheme of t r e a t m e n t s 
(Experiment-2) 
S.No, N i t r o g e n P o t a s s i u m t r e a t m e n t s (kg k / h a ) 
t r e a t m e n t s 
(kg N/ha) 20 40 60 80 
120 
150 
180 
N .E , A un i fo rm b a s a l dose of p h o s p h o r u s (3 0 kg P /ha) w i l l be 
a p p l i e d a t t h e t ime of sovd.ng. 
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3.3.3 Experiment - 3 
The aim of this experiment will be to work out the 
interaction effect of potassium and phosphorus on the 
triticale cultivar "Delfin", by varying their levels. A 
uniform basal dose of nitrogen (optimum established in 
Experiment - 2) will be applied at the time of sowing. 
The design of the experiment will be factorial randomised. 
The scheme of the experiment is given in Table-3. Each 
treatment will be replicated thrice. Other cultural 
practices will be the same as mentioned in Experiments 1 and 
2. 
3.3.4 Experiment - 4 
This experiment will be conducted simultaneously 
with Experiments 3 and 5. The aim of this experiment will 
be to study the effect of nitrogen applied in split doses 
with two doses of potassium (optimum and sub optimum dose 
obtained in Experiment-1), on triticale cultivar "Delfin". 
Phosphorus (30 kg P/ha) will be applied uniformly at the 
time of sowing. The scheme of treatments is given in 
Table-4. The design of the experiment and the cultural 
practices from sowing till harvesting will be the same as 
in the previous experiments. 
3.3.5 Experiment -S 
This experiment will also be conducted together with 
Experiments 3 and 4. The aim of the study will be to 
investigate the possibility of fertiliser economy. This 
T A B L E - 3 
Scheroe of t r e a t m e n t s 
(Experiinent~3) 
S.No. Phosphorus Potassium t r e a t m e n t s (kg K/ha) 
t r e a t m e n t s (kg P/ha) 20 40 60 80 
30 
60 
90 
N.B, A uniform b a s a l dose of n i t r o g e n w i l l be app l i ed at t h e 
time of sowing. 
T A B L E _ 4 
Scheroe of treatments 
(Experiment-4) 
S.No. Ni t rogen 
t r e a t m e n t s 
(kg N/ha) 
Potassium t r e a t m e n t s 
(kg K/ha) 
ij optimum f u l l optimum 
Remarks 
B N 120 a t sowing only 
B N 150 a t sowing only 
B N 90 + T 30 
B N 120 + T 30 
a t sowing and 
e a r l y heading 
at sowing and 
e a r l y heading 
N.B, A uniform basa l dose of phosphorus (30 kg P/ha) w i l l be 
given a t t h e time of sowing. 
B = Basal a p p l i c a t i o n a t sowing 
T = Top d r e s s i n g a t e a r l y heading 
T A B L E - 5 
Scheme of treatments 
(Experiment-5) 
S.No. Ni t rogen 
t r e a t m e n t s 
(kg N/ha) 
Potassium t r e a t m e n t s 
(kg K/ha) 
ij optimum f u l l optimum 
Remarks 
B N 120 at sowing only 
2 B N 150 
3 B N 90 + F 10 
4 B N 120 -I- F 10 
a t sowing only 
a t sowing and 
e a r l y heading 
a t sowing and 
e a r l y heading 
N.B, A uniform basa l dose of phosphorus (3 0 kg P/ha) w i l l 
be a p p l i e d a t the time of sowing. 
B = Basal a p p l i c a t i o n a t sowing 
F = F o l i a r spray at e a r l y heading s tage 
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will be achieved by comparing the influence of full 
basal nitrogen application and split applications of 
nitrogen combining basal doses and foliar sprays at t^ j^o 
different levels of potassium as shown in the scheme 
given in Table-5. The experiment will be carried out 
on the triticale cultivar "Delfin" and the source of 
leaf - applied nitrogen will be urea, the spray being 
done at early heading stage (85 d) of growth. The other 
cultural practices will be the same as in the previous 
experiments. 
3.4 Sampling technique 
To assess the effect of nutrient application on 
the crop (in the above mentioned experiments), samples 
will be collected at tillering (70 d), heading (100 d) 
and milky grain stages (12 0 d) for the study of growth 
characteristics and at hajntest for the study of yield 
characteristics. Random Selection of three plants will 
be dona from each plot, 
3.5 Growth Characteristics 
The following growth characteristics will be noted at 
three stages of the crop? 
1. Leaf number/plant 
2. Tiller number/plant 
3. Shoot length/plant (cm) 
4. Fresh weight/plant <gm) 
5. Dry weight/plant (gm) 
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Leaf number is a measure of differentiation and 
tiller number of meristematic activity. The fresh and 
dry weight account for total productivity in terms of rate 
of increase of weight, volume and dry matter accumulation. 
To assess dry weight of shoot, the three plants already 
evaluated for their various growth parameters will be dried 
for about 72 hours in an oven maintained at 80 C. 
3.5.1 Leaf nutrient content 
Chemical analysis of dried leaves, for the estimation 
of the nutritional status of the plants in relation to the 
soil, will be done at each growth stage, regarding^ 
1 . Percentage of nitrogen content 
2, Percentage of phosphorus content 
3. Percentage of potassium content 
3.6 Yield characteristics 
•At harvest, three plants will be sampled randomly from 
each bed and the following characteristics will be studied^ 
1 . Ear nximber/plant 
2 . Ear w e i g h t / p l a n t 
3 . Length/ear (cm) 
4 . S p i k e l e t number/ear 
5 . Grain number/ear 
6 . Weight of 1,000 g r a i n s (gm) 
7. Grain y i e l d (q /ha) 
8 . Straw y i e l d (q/ha) 
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After harvesting, the produce will be allowed to dry for a 
few days and the weight of the total produce(straw + grain) 
of each plot will be recorded. The grain in the total 
yield of each plot will be threshed out manually and its 
weight will be recorded. Straw yield will then be obtained 
by subtracting the grain yield from the weight of the 
total produce recorded before threshing. 
3.7 Chanical analysis 
Chemical analysis of leaves (at each stage) and of 
grain (at harvest) will be carried out as follows: 
3,7.1 Leaf analysis 
Leaf analysis will be carried out according to the 
method of Lindner (1944). Healthy leaves from dried plant 
shoots will be powdered and passed through a 72 mesh 
screen. The leaf powder of each sample will be kept overnight 
at 70°C , after which digestion of the sample and 
subsequent analysis for its N, P and K contents will be 
performed as follows. 
3.7.1.1 Digestion of leaf gowder 
100 mg of the leaf powder will be carefully transferred 
to a 50 ml Kjeldahl flask, and 2 ml of chemically pure 
sulphuric acid will be added. Digestion will be continued 
on the heating mantle for 2 hours to allow complete 
reduction of nitrates present in the plant material. When 
the colour of the material turns to brownish black, the 
flask will be cooled for 15 minutes, followed by dropwise 
addition of 0.5 ml of chemically pure 30% hydrogen peroxide. 
-54-
The solution will be heated for about half an hour till 
its colour changes from brownish - black to light yellow. 
It will then be cooled and additional amount of 3-4 
drops of hydrogen peroxide will be added, followed by 
gentle heating for another 15 minutes to get a clear and 
colourless solution. 
The peroxide digested material will be transferred 
to a 100 ml volumetric flask and the volume will made up to 
the mark with double distilled water. Required aliquots 
of the peroxide digested material will be used to estimate 
the nitrogen, phosphorus and potassitim contents, 
3.7.1.1,1 Estimation of nitrogen 
The method of Lindner (1944) will be adopted for the 
estimation of nitrogen in the samples. 
A 10 ml aliquot of the peroxide - digested material 
will be taken in a 50 ml volxometric flask and to this 
2 ml of 2,5 N sodium hydroxide will be added to neutralise 
excess of the acid. In order to prevent turbidity, 1 ml 
of ICFA sodiiom silicate solution will be added and the 
volume of the solution will be made up to the mark with 
the help of distilled water. 5 ml of this solution will 
be taken in a 10 ml graduated test tube and 0,5 ml of 
Ness]er's reagent will be added dropwise, being mixed 
thoroughly after each drop. The final volume will be made 
up with distilled water and the tube will be allowed to stand 
for about 5 minutes for maximxim colour development. 
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The solution -will be transferred to a colorimetric 
tube and the optical density of the solution will be 
determined at 52 5 nm on a Bausch and Lomb "Spectronic -20** 
colorimeter. A blank consisting of distilled water and 
Ness]«:'s reagent will be run simultaneously. A calibration 
curve will be obtained by using known dilutions of a 
standard ammonium sulphate solution and the reading of 
each sample will be compared with this calibration curve. 
Nitrogen in the leaves will be determined in terms of 
percentage on dry weight basis. 
3.7.1.1.2 Estimation of phosphorus 
Phosphorus will be estimated according to the method 
of Fiske and Subba Row (1925). 
A 5 ml aliquot of the peroxide - digested material will 
be taken in a 10 ml graduated test tube and 1 ml of molybdic 
acid (2.5% ammonium molybdate in 10 N - sulphuric acid) will 
be added carefully, followed tjy the addition of 0,4 ml of 
1,2,4 - aminonaphthdsulphonic acid. The colour of the 
solution will turn blue. Distilled water will be used 
to make the volume up to the mark. Ihe solution will be kept 
for 5 minutes to allow colour development and then 
transferred to a colorimetric tube. 
The optical density of the solution, will be read at 
620 nm on a "Spectronic-2 0'' colorimeter, A blank will be run 
simultaneously with each determination. The standard 
calibration curve will be prepared by using known concent rations 
of monobasic potassium phosphate solution. The reading of the 
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samples will be compared with this curve and phosphorus 
content in the leaves vill be computed in terms of 
percentage on dry weight basis. 
3.7.1.1.3 Estimation of potassium 
be 
Potassiiam content in the leaves will/estimated flame 
photometrically. A 10 ml aliquot will be taken and it 
will be read at 768 nm. A blank containing only distilled 
water will be run side by side. The readings will be 
compared with a calibration curve plotted for different 
dilutions of a standard potassium sulphate solution. 
3.7.2 Grain analysis 
The grain of each sample will be chemically analysed 
for its protein and carbohydrate contents by the following 
procedure. 
3,7.2.1 Grain protein content 
Total protein content of the grain will be estimated 
according to the method of liOwry _et _al_. (1951). 
The powdered grain of each sample will be dried 
overnight in an oven at 80 C. 50 mg of the oven dried grain 
powder will b6 taken in a mortar. It will be ground with 
cold 5% trichloroacetic acid(TCA) and collected in a 
centrifuge tube with some additional washings with TCA. 
It will be mixed well and allowed to stand for 1 hour at 
room temperature for complete precipitation of proteins. 
It will be centrifuged at 4,000 rpm and the supernatant will 
be discarded. 5 ml of 1 N NaOH will be added to the residue. 
- 57 -
mixed well and kept to stand for 30 minutes on a water 
bath running at 60°C so as to dissolve the precipitated 
proteins completely. After cooling, it will be centrifuged 
at 4,000 rpm and the supernatant will be collected in a 
2 5 ml volumetric flask, adding at least two washings of 
the residue with IN NaOH and the volume will be made 
up to the mark with distilled water. It may be diluted 
further to a suitable concentration, if needed. 
1 ml of this solution will be taken in a 10 ml 
test tube and 5 ml of reagent B will be added. It will 
be mixed well and allowed to stand for 10 minutes. 0.5 ml 
of reagent C will be added rapidly with immediate stirring. 
It will be allowed to stand for 30 minutes and the intensity 
of the blue coloured solution will be measured by reading 
its optical density (O.D.) at 660 nm, using a "Spectronic 
2 0" colorimeter. A blank will be run simultaneously. The 
protein content of each sample will be calculated by 
comparing its O.D. with a calibration curve plotted by 
taking known dilutions of a standard solution of egg albumen, 
The details oi the reagents used for protein estimation 
are given belowJ 
Reagent A: 0.5% CuSO^ solution in 1% sodium tartarate 
solution in 1^ 1 ratio. 
Reagent Bs 50 ml 2% sodium carbonate solution + 1 ml 
reagent A to make carbonate-copper sulphate solution. 
^ . . - . . . - ^ ^ 
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Reagent d IN acid folin reagent : 100 gm sodium tungstate 
and 2 5 gm sodixim molybdate will be taken in a 1,500 ml 
flask and dissolved in 700 ml -water. 50 ml o£ 85% 
phosphoric acid and 100 ml cone. H31 will be added. The 
flask will be connected with a reflux condenser and boiled 
gently on a heating mantle for 10 hours, 150 gm of lithium 
sulphate, 50 ml of water and 3 to 4 drops of liquid 
bromine will be added to the flask after removing the 
reflux. The solution will be boiled for 15 minutes to 
remove excess bromine. It will be cooled and diluted 
with distilled water. 
The strength of this acidic solution will be estimated 
by titrating it with IN NaOH solution using phenolphthalein 
as an indicator. It will be then diluted to the required 
strength (N), 
3.7.2.2 Grain carbohydrate content 
Extraction of grain carbohydrate will be done according 
to the method of Yih and Clark (1965) and estimation, by the 
method of Dubois fit _al. (1956). 
The powdered grain of each sample will be dried overnight 
in an oven at 80 C, 50 mg of the oven dried and finely 
ground grain powder will be taken in a centrifuge tube. 
5 ml of 1.5 N sulphuric acid will be added and heated on a 
V7ater bath for about 2 hours. After cooling, the solution 
will be centrifuged at 4,000 rpm for 10 minutes. The extract 
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will be collected in a 25 ml volximetric flask. The residue 
will be washed twice with distilled water, followed by 
centrifugation and collection of the washings in the 
same flask. The volume will be made upto the mark with 
distilled water. This will be diluted further, if required. 
1 ml of this solution will be taken and 1 ml of 5% 
aqueous phenol solution will be added followed by 5 ml 
of cone, sulphuric acid. The colour will turn yellowish 
orange. After 30 minutes, the optical density (O.D.) will 
be measured at 490 nm using a "Spectronic 20" colorimeter. 
A blank will be run simultaneously. The carbohydrate 
content of each sample will be estimated by comparing its 
O.D. with a calibration curve plotted by taking known 
dilutions of a standard solution of chemically pure glucose, 
3.8 Statistical analysis 
All the experimental data will be analysed statistically 
by adopting standard procedures (Panse and Sukhatme, 1967). 
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